Introduction
During the past thirty years, there has been a global increase in noncommunicable diseases namely diabetes, hypertension, metabolic syndrome and cardiovascular disease, as the world is increasingly facing an "obesity epidemic". Obesity represents a serious threat to health because it increases the risk of developing other chronic diseases, such as diabetes and cardiovascular disease (PiSunyer 1993 , Ross et al. 2000 . Obesity can be defined as any body mass index (BMI) of ≥ 30 kgm 2 (Flegal et al. 1998) . Obesity can shorten the lifespan and seriously affect mortality rates not only among old (Seidell et al. 1999 ), but also among young obesity sufferers (Fontaine et al. 2003) . Overweight which is defined as a BMI of ≥ 25-29.9 kgm 2 (Flegal et al. 1998 ) results in increased blood lipids (i.e. triglycerides, total cholesterol, low density lipoprotein or LDL and high density lipoprotein or HDL). A rise in blood lipids is associated with an increased incidence of metabolic disorders such as decreased insulin sensitivity, hyperlipidemia, blood pressure, increased risk of insulin resistance, type II diabetes and cardiovascular disease (Ramezankhany et al. 2011) . The leading cause of these "modern" diseases is primarily a sedentary lifestyle that incorporates low levels of physical activity coupled with an unhealthy diet based on overconsumption of high fat or convenience food and smoking (Heller et al. 1993) .
Interestingly, the incidence of non-communicable diseases, and in particular obesity, seems to be growing at a faster rate in developing countries of the Middle East. In Iran, there have been a few research studies investigating the prevalence of obesity in relation to other co-morbidities such as dyslipidemia and diabetes. Between 2004 and 2005, a nationwide cross-sectional survey that investigated the anthropometry (stature and body mass) and waist circumference of 89,404 Iranian men and women with an age range of 15-65 years (mean age 39.2 years) showed that the age-adjusted prevalence of overweight or obesity (BMI ≥ 25 kgm 2 ) was 42.8% in men and 57.0% in women; 11.1% of men and 25.2% of women were obese (BMI ≥ 30 kgm 2 ), while only 6.3% of men and 5.2% of women were underweight (Janghorbani et al. 2007 ). This study showed that age, low physical activity, low educational attainment, marriage and residence in urban areas were strongly associated with obesity. Abdominal obesity was considerably higher in women compared to men (54.5% vs. 12.9%) and it appeared to increase with age.
In 2007, a national surveillance study was conducted with a sample of 5,287 Iranian citizens aged 15-64 years (Esteghamati et al. 2009 ). This study suggested that the prevalence of obesity and central obesity was 22.3% and 53.6%, respectively, whereas the prevalence of hypertriglyceridemia and hypercholesterolemia was 36.4% and 42.9%, respectively. This study also showed that prevalence rates for hypercholesterolemia were higher among females and urban residents. Another study that included 403 participants of the Zoroastrian population of Yazd with a mean age of 56.9 ± 12.8 years reported that the total prevalence of diabetes was 26.1% (Khalilzadeh et al. 2015) . This study showed that participants who presented with diabetes not only had higher fasting blood glucose, but also had higher body mass index, triglyceride level, lower high density lipoprotein level (HDL) and systolic blood pressure compared to participants who were pre-diabetic (i.e. showing impaired fasting glucose or impaired glucose tolerance) or normoglycemic. These findings showed that diabetes is not an isolated medical condition and is often accompanied by obesity, dyslipidemia and hypertension.
According to Janghorbani et al. (2007) the categories for underweight, normal-weight, overweight, and Class I, II, and III obesity were corresponding to a body mass index (BMI) of <18.5, 18.5 to 24.9, 25 to 29.9, 30 to 34.9, 35 to 39.9 , and ≥ 40 kgm 2 , respectively. Abdominal obesity was defined as waist circumference (WC) ≥ 102 cm in men and ≥ 88 cm in women. The age-adjusted means for BMI were 24.6 kgm 2 in men and 26.5 kgm 2 in women. For WC the age-adjusted means were 86.6 cm in men and 89.6 cm in women. In addition to WC, the waist to hip ratio (WHR) has been used as a measure of overweight. A WHR > 0.8 is considered as a high-risk point for predicting high blood pressure and reduced performance of physical activities in both males and females (Janghorbani et al. 2007 ). Many researchers consider measuring the WHR as an appropriate anthropometric indicator for evaluation of obesity and its effect on physical activity and motor performances, even though anthropometric indicators have been criticised that they are affected by gender, age, race, social and economic culture (Green et al. 2004 . Gelber et al. (2008) evaluated the waist to height ratio (WHtR) and proposed it as the best method for strongest association with cardiovascular disease (CVD). However, Gelber et al. pointed out that any method showing higher levels of adiposity, however measured, confers increased risk of CVD.
Tea is the second most consumed beverage in the world after water (Vinson 2000) . Tea is produced from the leaves of Camellia Sinensis that contains catechins and polyphenols (Hamilton-Miller 2001) . Catechins are a group of natural polyphenols found in tea that have been shown to be potent hipolipemic and anti-oxidant agents in animal studies (Vinson 2000 , Leung et al. 2001 , Figueroa et al. 2004 . Flavonoids, the result from the secondary metabolism of plants, are widely found in tea and have been shown to have many physiologic benefits for the human body (Phung et al. 2010) . Delavar et al. (2008) surveyed the incidence of metabolic syndrome in middle-aged Iranians in relation to black tea consumption. They concluded that higher consumption of black tea was associated with lower risk of developing the metabolic syndrome and they also presented with lower body mass, body fat and waist circumference. On the other hand, green tea and its catechin compounds have been shown to have several pharmacological effects such as being anti-obesity and anti-diabetic. Nagao et al. (2005) showed that daily consumption of green tea containing 690 mg catechins over a 12-week period reduced body fat. This finding suggests that the ingestion of catechins might be useful in the prevention and improvement of lifestyle-related diseases, mainly obesity. Phung et al. (2010) studied the effect of green tea consumption with and without caffeine on 1,243 individuals. They concluded that green tea with caffeine resulted in reduced WHR, subcutaneous fat, waist and body weight, but green tea without caffeine did not have any effect on anthropometric indicators. It seems the inclusion of caffeine is beneficial in reducing anthropometric indicators.
Aerobic exercise has been shown to have a significant effect on individuals' health and especially weight control as well as reducing fat and improving lipid profile. One of the most important benefits of aerobic exercise is higher levels of energy expenditure in active individuals. It has been reported that in active individuals, resting energy expenditure is higher than normal individuals. To perform aerobic exercise, fat stores are mobilised for energy production utilising oxygen in the process . Research has shown that overweight and obesity have a relationship with increased serum lipids and that exercise and green tea can both reduce blood lipids in isolation (Middelberg et al. 2002) . However, the combined effect of green tea consumption and aerobic exercise on obesity measures is not yet known. Therefore, the purpose of this study was to ascertain the isolated effect of green tea consumption and aerobic exercise against the combined effect of green tea consumption and aerobic exercise in a single study.
Methodology

Participants
Forty females (mean ± SD; age: 28.17 ± 4.15 years, body mass: 67.12 ± 7.72 kg, stature: 160.0 ± 5.05 cm) were recruited from a fitness centre in Tehran where they had been referred to exercise by their doctor. All females completed a PAR-Q and signed an informed consent before participating in the study. Participants were excluded from the study if: a) they were receiving medications i.e. insulin, antiobesity, NSAIDS (non-steroidal, anti-inflammatory drugs), blood lipid lowering drugs, antibiotics or antioxidant supplements, b) they were suffering from any cardiovascular, respiratory or metabolic condition and c) if they had used alcohol or tobacco products in the three months prior to the study. The study gained approval by the Ethics Committee, Faculty of Physical Education, University of Alzahra, Tehran, Iran.
In a preliminary session that took place at the municipal sports hall of Golestan in Tehran, participants were briefed about the study's purpose and tests to be conducted. Research assistants were employed to divide the group of forty participants into four equal sized groups of ten people by random selection. Participants were assigned to: a) control group (C, n=10, no exercise and no green tea), b) green tea group (GT, n=10, three cupsd -1 ), c) aerobic exercise (AE, n=10, three timeswk -1 ) and d) green tea and aerobic exercise group (GT&AE; three cupsd -1 and three timeswk -1 , n=10).
Study Design
The study was a randomised control trial with a quasi-experimental design. The design was based on observing the effect of three independent variables; a) consumption of green tea, b) aerobic exercise, and c) consumption of green tea along with aerobic exercise on dependent variables (lipid profile and measures of obesity). The study employed pre-and post-intervention measurements with an eight-week intervention period in between.
Physiological Measurements
Body mass (kg) and stature (cm) of participants were determined in light clothing (shorts and t-shirt) and without shoes. Portable calibrated electronic weighing scales (Beurer Co, China) and a portable stadiometer (Seca, Germany) were used. Waist circumference (WC) was measured using constant tension tape (Tan Co, Iran) at the end of a normal expiration, with arms relaxed at the sides, at the midpoint between the lower part of the lowest rib and the highest point of the hip on the mid-axillary line. A tape measure (Poya Co, Tehran, Iran) was used above the styloid bone in order to calculate measurement around the wrist and determine the structure and ideal weight for individuals (Phung et al. 2010) . In order to eliminate inter-individual error all measurements were conducted by one person.
Blood lipid profile was assessed using phlebotomy blood sampling from an antecubital one day prior to commencement of the study and immediately upon completion of the eight-week intervention period. Participants were instructed to fast for 10 to 12 hours before presenting for their blood lipid profile assessments. Venous blood (2 cc) was collected from each participant while in the seated position using capillary tubes (TPP, Swiss). The tubes were then placed in a centrifuge (Beckman Co, USA) and centrifuged at a speed of 2500 RPM for 10 minutes in order to produce serums. The serums were kept in -70 ˚C to conduct biochemical assays. Triglyceride was measured by the use of enzymatic colorimetric method (Shimadzo, Japan). Cholesterol, LDL and HDL were measured by a spectrophotometer device (Cecil BioQuest, Model CE 2501, Cecil Instruments Ltd.) using specialised kits (Randox, England).
Experimental Protocol
Each group of participants performed eight weeks of their allocated program. For the aerobic exercise programme (AE), participants performed cardiovascular exercise at the Golestan gym, Tehran, Iran. The cardiovascular exercise involved large muscle groups and utilised standard cardiovascular equipment (treadmill, stepper, cross trainer, rowing machine, cycle). The cardiovascular exercise programme was designed to elicit heart rate responses at approximately 70% of maximum heart rate (HR max ). HR max was calculated as 220 -Age as this formula can predict the variation in actual HR max in 95% of individuals (Gellish et al. 2007) . Each participant's 70% of HR max intensity was calculated. Participants were then given heart rate monitors (Suunto M1, China) to wear during their aerobic exercise sessions. They were instructed to monitor the exercise intensity and observe that they are within the target heart rate intensity during their workouts. Participants' attendance to gym sessions was set at three times per week and was recorded on an attendance sheet. The green tea consumption group (GT) were instructed to consume 3 cups (each 150 ml) per day. Green tea used was provided in sachets. Participants had to consume one cup of green tea in the morning, a second in the afternoon and a third in the evening. The combined AE&GT group were instructed to consume green tea at the same quantity and at the same frequency throughout the day. This group were assigned the same exercise intensity and received the same training in the gym as the AE group. The control group (C) were informed to carry on their daily routines as previously an only show up for pre-and post-intervention testing.
Immediately prior to commencing the study, all groups completed the physiological measurements (anthropometry and blood sampling). Postintervention testing took place within 48 hours of the last gym or tea drinking session. All pre-and post-intervention measurements were conducted in the same environment and by the same investigators to ensure consistency in procedures.
Statistical Analysis
Data analysis was performed using SPSS software (version 16, SPSS, Inc, Chicago, IL). Data were analysed using paired t-tests and Analysis of Variance (ANOVA) in which post-hoc comparisons were made using the Bonferoni test. The level of significance was set at p < 0.05.
Results
Anthropometry and WHR
There were no differences in the anthropometric characteristics of age, stature and body mass between the control, green tea, aerobic exercise and combined green tea and aerobic exercise group (p>0.05). These results are shown in Table 1 . For WHR, there were no changes in the control group (pre: 0.92 ± 0.09 and post: 0.94 ± 0.05; p=0.44), but there were reductions in all three intervention groups (green tea: 0.93 ± 0.07 v 0.79 ± 0.06, aerobic exercise: 0.90 ± 0.07 v 0.77 ± 0.05, green tea and aerobic exercise: 0.88 ± 0.08 v 0.76 ± 0.05; all at p<0.001). These results are shown in Figure 1 . 
Table 1. Anthropometric Characteristics (mean ± s) of Participants in the Control (C, n= 10), Green Tea (GT, n=10), Aerobic Exercise (AE, n=10) and Combined Green Tea and Exercise (GT&AE, n=10) Group
Blood Lipid Profile
For cholesterol and triglycerides, there were no differences pre-and postintervention in any of the groups. These results are shown in Table 2 . For HDL (mgdL -1 ), there were no changes pre-and post-intervention in either the control group (46.9 ± 11.04 v 46.5 ± 10.11; p=0.56) or the green tea group (50.9 ± 11.08 v 52.3 ± 9.35; p=0.18), but there were significant increases in the aerobic exercise group (50.1 ± 9.18 v 54.3 ± 9.2; p=0.031) and the green tea and aerobic exercise group (48.3 ± 5.34 v 52.7 ± 7.12; p<0.001). These results are shown in Figure 2 . For LDL (mgdL -1 ), there were no changes in the control group (76.9 ± 26.93 v 76.4 ± 27.88, p=0.49), the green tea group (79.5 ± 20.12 v 78.1± 20.02; p=0.15) , or the aerobic exercise group (81.7 ± 26.07 v 80.0 ± 25.05; p=0.19), but there were significant reductions in the green tea and aerobic exercise group (87.8 ± 21.21 v 81.6 ± 21.21; p=0.001). These results are shown in Figure 3 . For LDL to HDL ratio, there were no differences in the control group (0.68 ± 0.27 v 0.68 ± 0.29; p=0.40), the green tea group (0.71 ± 0.35 v 0.74 ± 0.35; p=0.05) and the aerobic exercise group (0.66 ± 0.19 v 0.66 ± 0.19; p=0.06), but there were changes in the green tea and aerobic exercise group (0.57±0.13 v 0.67±0.14; p=0.001) (Figure 4) .
Figure 1. Waist to Hip Ratio (WHR) in the Control (C, n=10), Green Tea (GT, n=8), Aerobic Exercise (AE, n=10) and Green Tea and Aerobic Exercise (GT&AE, n=9) Groups
Note: Data are presented as mean ± s. *, ** and *** denote significance post-intervention in the GT, AE and GT&AE group, respectively at p< 0.05. 
Figure 3. Low Density Lipoprotein (LDL) in the Control (C, n=10), Green Tea (GT, n=8), Aerobic Exercise (AE, n=10) and Green Tea and Aerobic Exercise (GT&AE, n=9) Groups
Note: Data are presented as mean and ± s. * denotes significant difference in the GT&AE group at p < 0.05.
Figure 4. LDL to HDL Ratio in the Control (C, n=10), Green Tea (GT, n=8), Aerobic Exercise (AE, n=10) and Green Tea and Aerobic Exercise (GT&AE, n=9) Groups
* **
Discussion
The findings of this study demonstrated that central adiposity (as reflected by the difference in the pre-and post-intervention WHR measurements) reduced significantly in response to either green tea consumption, aerobic exercise or their combination. These results are consistent with those stated by Vasquez et al. (2007) . However, no single intervention was shown to be more effective than the other two. More specifically, consumption of three cups of green tea a day for eight weeks reduced central adiposity by 15.1%, aerobic exercise performed for 45 min a day, three days a week for eight weeks reduced adiposity by 14.4%, whereas the combination of aerobic exercise and green tea ingestion reduced central adiposity by 13.6%. Rexrode et al. (1998) showed that there is a link between WHR and coronary heart disease risk (CHD). In addition, a WHR of 0.88 or above is associated with an increased risk of CHD, whereas a WHR of 0.72 is associated with a reduced risk. All experimental groups in this study demonstrated an increased risk of CHD at the outset. Following the eight-week intervention, only the control group remained in the high risk category (0.94), whereas the AE, GT and AE&GT groups showed reduced WHR (range 0.76 to 0.79). Interestingly, and contrary to our original hypothesis, we did not observe an augmented effect in the reduction of WHR when green tea consumption was combined with aerobic exercise.
Aerobic exercise resulted in reduced accumulation of fat in the abdominal region (central adiposity) in this study. Research evidence has shown that overweight and obesity have a positive linear relationship with increased serum lipid and that exercise can reduce blood lipids (Middelberg et al. 2002) . It could be therefore stated that there is a significant correlation between WHR, change of waist circumference and serum lipid levels (Smitz and Bachl 1991) . However, we did not observe a significant difference in cholesterol and triglyceride levels in the AE group in this study hence we cannot conclude that aerobic exercise resulted in reduced percentage of serum lipid. There was a tendency for serum lipid to reduce in the eight weeks of intervention due to aerobic exercise. Perhaps, a longer duration study would have yielded significant differences in serum lipid which would supplement the reductions in central adiposity. Previously, it has been shown that six months of running training brings about increases in the production of leptin, a hormone that is closely associated with reductions in fat mass (Kraemer et al. 2001) .
Aerobic exercise results in increased density of adrenergic receptors at the cell level of fat tissue and their sensitivity toward the process of lipolysis (Vinson and Dabbagh 1998) , which could explain the reductions in the indicators of abdominal obesity (waist and hip circumference). Aerobic exercise increases mitochondrial density and the activity of oxidative, electron transport chain and fat oxidation enzymes (i.e. beta-oxidation cycle enzymes and lipoprotein lipase; Vinson and Dabbagh 1998) . Perhaps the lack of reduction in triglyceride in AE participants could be due to increased activity of lipoprotein lipase, increased energy expenditure and increased catabolism of lipoproteins (Saelens et al. 2007 ). Other factors have been implicated with reduction of blood triglyceride such as limiting the consumption of saturated fat, controlling carbohydrate intake, and consuming large amounts of omega-3. Also, based on the findings of Kim and Son (2009) , when the initial and pre-exercise levels of triglyceride are below 120 mg, usually triglyceride does not reduce significantly. In our study, all participants had triglyceride levels below 120 mg (range 104 -110 mg) prior to commencement of the study. Also, in our study there were no differences identified between AE, GT and AE&GT at levels of triglyceride which is consistent with the findings of Maki and Reeves (2009) .
Green tea consumption at a frequency of three cups (450 mg) per day resulted in significant reductions in WHR. This finding is consistent with those stated by You et al. (2006) and Nagao et al. (2005) where green tea consumed for 12 weeks reduced waist circumference, fat mass and LDL concentration. A strong positive association was also shown between reductions in body fat and LDL levels. In our study, we did not notice a change in LDL in the GT group. Our intervention lasted only six weeks however we observed a reduction in the LDL levels in the AE&GT group. Nagao et al. (2007) performed a further study with green tea supplementation containing 583 mg of catechins (experimental group) or green tea with just 96 mg of catechins (control group). They found that decreases in body weight, body mass index, body fat ratio, body fat mass, waist circumference, hip circumference, visceral fat area, and subcutaneous fat area were found to be greater in the catechin group than in the control group. It appears that the amount of catechins in the green tea is an important factor that influences the magnitude of changes or reductions in measures of obesity. Even though we did not determine the amount of catechins in the green tea before administering it to our participants some reductions in obesity measures were evident.
In our study we also found higher levels of HDL in the combined green tea with aerobic exercise group and the aerobic exercise group. A previous study by Eichenberger et al. (2009) that examined the effects of a 3-week supplementation with green tea extract (GTE; ~160 mg·day -1 ) on human energy metabolism during submaximal cycling exercise also found higher resting HDL levels post-supplementation, even though they did not notice a change in LDL levels. We noticed a change in the LDL levels in our study but only in the combined green tea with aerobic exercise group. Based on previous studies, HDL is more affected by physical activity than by nutritional factors but factors such as participants' percentage of body fat, hormonal status and genetics could also affect the amount of HDL (Green et al. 2004) . We observed significant difference between the groups in the amount of HDL, which is consistent with the results stated by Shashi (2012) .
Other factors such as gender, age and race could have affected cholesterol levels as stated previously by Green et al. (2004) . The duration of exercise could also have affected the changes in the lipid profile. In this study, the duration of each exercise session was 45 minutes and there were three sessions per week. It might have been possible to notice favourable changes in blood lipids if more than three exercise sessions per week and of longer duration than 45 minutes were used. This finding on exercise duration and its effect on reducing cholesterol levels is consistent with the findings stated by Kraus et al. (2002) . It has also been suggested that total HDL cholesterol and LDL to HDL ratios i.e. "atherogenic indices" are risk indicators with greater predictive value of cardiovascular disease risk than isolated parameters used independently (Millán et al. 2009 ). In this study, it was shown that the LDL to HDL ratio was significantly different in the AE&GT group favouring increases in HDL levels and concomitant decreases in LDL levels. This finding indicates that the lipid profile of participants in this group was positively affected by the combination of green tea consumption and regular aerobic exercise.
Conclusion
The combination of green tea consumption with aerobic exercise reduced WHR however green tea consumption alone or exercise alone had a similar effect. The inclusion of aerobic exercise did not augment this effect. Isolated serum lipid measures of cholesterol and triglyceride did not show any changes following either intervention. Nevertheless, the more sensitive indicator of cardiovascular disease risk, the LDL to HDL ratio, showed improvements only in the combined aerobic exercise and green tea consumption group. We can therefore conclude that the combination of green tea consumption and aerobic exercise is beneficial for reducing waist circumference but most importantly, it is a very effective method for reducing serum lipid and hence cardiovascular disease risk in overweight, sedentary women.
